Inclusive jet production in p-p and p ̅-p collisions shows many of the same kinematic systematics as observed in single particle inclusive production at much lower energies. In an earlier study (1974) a phenomenology, called radial scaling, was developed for the single particle inclusive cross sections that attempted to capture the essential underlying physics of point-like parton scattering and the fragmentation of partons into hadrons suppressed by the kinematic boundary. The phenomenology was successful in emphasizing the underlying systematics of the inclusive particle productions. Here we demonstrate that inclusive jet production at the LHC in high-energy p-p collisions and at the Tevatron in p ̅-p inelastic scattering show similar behavior. The ATLAS inclusive jet production plotted as a function of this scaling variable is studied for √s of 2.76, 7 and 13 TeV and is compared to p ̅-p inclusive jet production at 1.96 TeV measured at the CDF and D0 at the Tevatron and p-Pb inclusive jet production at the LHC ATLAS at √sNN = 5.02 TeV. Inclusive single particle production at FNAL fixed target and ISR energies are compared to inclusive J/ production at the LHC measured in ATLAS, CMS and LHCb. Striking common features of the data are discussed.
I. INTRODUCTION
Single-particle inclusive productions were studied extensively in the early 1970s as a hadronic analogue to deep inelastic electron-nucleon scattering studies conducted at SLAC. The theoretical underpinnings of single particle inclusive production were developed by Field and Feynman and others [1] , who described the production of the detected particle to originate from the hard elastic scattering of a pair of incoming partons, one of which subsequently fragments and hadronizes into the inclusively detected particle.
The same general quest has been followed in inclusive jet production at hadron colliders (LHC, Tevatron) to test Quantum Chromodynamics (QCD) and to provide the standard model foundation for searches for phenomenon beyond the standard model. In the case of inclusive jet production, incoming partons hard scatter, fragment, then hadronize into cones of particles that form jets where the jet itself is analyzed as the inclusively detected 'particle'.
Some 40 years ago, in the early time of the operation of the Fermilab synchrotron and at the SPS synchrotron and the Intersecting Storage Ring at CERN, single particle inclusive productions, such as p + p →  0 + X, p + p →  ± + X, p + p → K ± + X, were studied [2] . When the data were analyzed in terms of the transverse momentum pT and the radial scaling variable xR, the kinematic form of the Lorentz invariant cross section was greatly simplified. The radial scaling variable is defined by xR = E/EMax, where E is the detected single particle total energy in the center-of-momentum (COM) frame, EMax is the corresponding maximum energy and is roughly = √s/2 in the p-p COM frame. The radial scaling variable describes the phase space suppression as the single-particle production approaches the kinematic boundary where E = EMax. Note that this suppression is independent of the angle of the emitted particle in the COM frame and depends only on the radial distance in energy-momentum space to the kinematic boundary.
The earlier analyses of data indicated that the single particle inclusive cross section Ed 3 /dp 3 had roughly factorized power law dependences on the transverse momentum pT and on the variable (1-xR) of the form: ,
where npT and nxR are power law indices and  is the parameter that controls the amplitude of the invariant cross section and fixes the dimensions to [momentum] -4 [e.g. GeV -4 ]. In principle, all the parameters of Eq.1 can be functions of √s, as well as dependent on the inclusively detected particle. However, in the limited energy range of data analyzed in this earlier work the s-dependence of the inclusive cross section was found to be mostly in the xR variable, namely for fixed pT and xR, the inclusive cross sections were roughly constant as √s was varied. The transverse momentum dependence was found to be approximately independent of the inclusively detected particle. More extensive data taken at the ISR showed that there is an overall s-dependence beyond that embodied in the xR variable [3] and the narrowly-defined radial scaling was violated. Nevertheless, even with this additional s-dependence, the radial scaling formulation was helpful in revealing systematics of the single particle inclusive cross sections.
The question naturally arises whether or not the radial scaling phenomenology has any utility in uncovering systematics in inclusive jet and charm production in p-p and heavy ion collisions at the LHC. After all, the theoretical underpinning of single particle inclusive production and jet inclusive production are the same -namely both are described by hard scattering of incoming partons, followed by fragmentation and hadronization, only in the case of jet production an ensemble of particle carrying the scattered parton momentum are collimated and form a jet. The following questions are therefore quite natural:
 Is the pT -dependence of inclusive jet production at the LHC a power law?
 How does the pT-dependence of inclusive jet production compare with single particle inclusive production?
 Is there a power law dependence in (1-xR) as was observed in single particle inclusive processes such as the one given in Eq. 1?
On general grounds one may expect that all the parameters of this simple formulation (and the power law indices npT and nxR) will depend on √s and that there would be no 
II. HADRON COLLIDER DATA
There is now agreement between pQCD calculations to NLO and inclusive jet production at the LHC to better than ~ 20%, except at high rapidity and high pT, in effect 'explaining' the jet production in terms of scattered partons and subsequent scattered parton hadronizations [4] . It is a success of the underlying theory that the simulations driven by pQCD calculations show such good agreement. Further improvements in the data-theory agreement are expected with the future consideration of higher order effects and better methods of calculation various sub-processes such as by amplitude methods [5] .
Inclusive jet production at hadron colliders is conventionally described by pT and the rapidity = 
where pT is the usual transverse momentum and y is the rapidity. In this formulation, the invariant cross section is a function of three variables, the COM energy √s, the transverse momentum pT and the rapidity y. The jet mass has been integrated into the rapidity variable y through the value of the jet total energy E.
The invariant cross section for inclusive jet or single particle production could just as well be written in terms of √s, pT and a combination of y, pT and √s assembled together in the radial scaling variable xR. In the limit of high energy and small particle or jet mass with respect to √s, the radial scaling variable xR ≈ 2 pT cosh()/√s, where is the pseudorapidity of the jet in the COM frame. Note that cosh(y) ~ cosh() = 1/sin() -hence xR ~ 2 p/√s ~ E*/E*max. Fig. 1 shows the relations of the radial scaling variable xR to pT to  for √s = 13 TeV. Note that lines of constant  ( ~ y) mix pT and the scaling variable xR. Thus TT dd E dp p dp dy   the kinematic boundary suppression, controlled by xR is convoluted with the pT and  (y) dependence. 
A. Inclusive jets at the LHC
It is interesting to analyze inclusive jet production at the LHC in the simplest terms by seeing if there are kinematic generalities like those observed in the single particle production in p-p collisions. As a typical example, Fig. 2 shows the inclusive jet production at 13 TeV measured by the ATLAS collaboration at the LHC [6] . The ATLAS inclusive jet cross section [6] is plotted as a function of pT for various rapidity regions. The data were taken at √s = 13 TeV and the jets defined by the anti-kT algorithm. Note that the kinematic boundary is evident on the RHS of the plot, e.g. for the highest rapidity bin 2.5< |y| <3.0 the maximum pT is less than 1 TeV/c.
It is evident that the inclusive jet cross sections agree with the NLOJET++(CT14nlo) [7] and corrections. Plotting the cross section for constant y as a function of pT, as in Fig. 2 , involves changing the value of xR as shown in Fig. 1 . Therefore, the presentation of the data for constant y obscures a putative power law behavior in pT and (1-xR) that we might expect if inclusive jet production in p-p scattering has a similar behavior to that of single particle inclusive cross sections.
Examining Fig. 2 , it is evident that the cross section decreases with increasing pT and y, but it is not obvious that there is any power law in pT or (1-xR) as was observed in single particle inclusive production in p-p collisions. However, we can roughly test the hypothesis that the invariant cross section has the factorized form of Eq. 1 by plotting the resultant invariant cross section d 2 /pTdpTdy multiplied by a function of pT, where we find ~ pT 6 works reasonably well. The resultant plot is shown in Fig. 3 . Notice that For a deeper view of the pT and xR dependence of the 13 TeV inclusive jet data shown in Fig. 2 , we analyze the cross section in parts using the form: ,
by plotting the cross section in sections of constant pT as a function of 1-xR. In Eq. 3 we have not assumed a specific form for the function A(pT,s) except to posit that it is not a function of xR. Since the 13 TeV ATLAS inclusive jet data are binned in rapidity (y), thereby requiring the jet mass to be known in order to determine the angle of the jet in the p-p COM, we approximate the radial scaling variable as:
, (4) where the jet mass mJ is not known but is bounded using the prescription of reference [8] by mJ/pT < R/√2 = 0.28 for the jet cone size R = 0.4 given by: ,
where  and  are the jet cone widths in  and  defined with respect to the colliding beams axis. Neglecting the jet mass term results in only < 4% decrease in the value of xR.
The finite y bin size was treated by taking the average of the lower and upper limits -a valid assumption for low y, where the rapidity distribution is approximately flat, but would be slightly smaller by < 1.4% from the data weighted value for the highest rapidity bin (2.5 < |y| < 3.0) resulting in the computed value of xR smaller by < 3.8%. This finite bin correction was neglected.
The 13 TeV inclusive jet data so analyzed are shown in Fig. 4 . We would expect that the xR behavior would be complicated and, even if a power law were operative, the indices npT and nxR would be functions of √s, pT and y. Note that xR = 0, where A(pT,s) is evaluated corresponds to the limit when √s → ∞ for constant pT and thus is beyond the
A p s x p dp dy
minimum value of xRmin = 2pT/√s for finite √s. This small extrapolation assumes that the functional form of Eq.3 is valid in the small region from xRmin to xR = 0. The power law fits of (1-xR) nxR were performed by a least-squares linear method on the natural logarithms of the cross section as a function of the ln(1-xR) using the statistical and systematic errors added in quadrature. The slopes of these linear fits are the exponents nxR and the constant terms are the logs of A(pT,s). In general, we would expect that nxR would be a function of pT and √s. Fig. 5 shows the values of nxR plotted as a function of pT where it is evident that nxR → ~ 4 for high pT but obtains a higher value for low pT. Fig. 6 is a plot of A(pT,s) as a function of pT where it is clear that the data follows a power law as suggested by early radial scaling studies of single particle inclusive scattering denoted by Eq. 1 above. The fits, represented by the dotted red lines in the figures above, have the following forms:
where nxR0 and D are the fit parameters for the power of (1-xR); and  and npT are the fit parameters for the power law fit to A(pT,s).
The fit values A(pT,s) are plotted as a function of pT. Note the power law behavior over eight orders of magnitude. The red dotted line indicates the fit A(pT,s) ~ 1/pT 6.4 . Note that the pT-power index (6.4) is independent of the jet energy scale so long as the energy scale does not depend on the jet energy itself.
Encouraged by the simplicity of the 13 TeV inclusive jet cross section when analyzed with the radial scaling variable we now examine the ATLAS jet data taken at √s=2.76 and 7 TeV [9] . Both measurements at these lower energies used the same anti-kT 
B. CDF and D0 inclusive jet ̅ p data
The CDF [10] and D0 [11] Notice that the quality of the nxR fit is reasonable ( 2 < 1.7/d.f.), whereas that of the power law fit to A(pT,s) has a large  2 /d.f. This will be discussed later. The dotted red line is a power law fit to both data sets taken together. Only data with xR < 0.9 were considered. The parameters of the fit are in Table Ib . Examining Tables Ia,b we conclude that most the variation of the parameters of these fits to inclusive jet production are in the overall normalization term controlled by the parameter  which increases with increasing √s, and the pT dependence of the power of (1-xR) given by the term, D, which also increases with increasing √s. The parameters npT and nxR0 do not show systematic √s -dependences. The parameters shown in Tables Ia,b 
C. Inclusive jet production in p-Pb collisions
As another view of inclusive jet production at the LHC we analyze the jet data taken in pPb collisions at a nucleon-nucleon COM energy of √sNN = 5.02 TeV [13] . Here we examine the two sides of the collision separately -namely the side where the incoming proton would fragment forward (y > 0) and the side where the Pb nucleus would fragment forward (y < 0). Rather than arbitrarily assigning the central rapidity bin -0.3 < y < 0.3 to either the proton forward or the Pb forward parts, this central bin was analyzed for both sides of the data. If there were an underlying hard parton-parton scattering that initiates the formation of the detected jet, we would naively expect the same power law in the transverse momentum pT as observed in jet production in p-p collisions. On the other hand, the fragmentation part of the cross section, that segment expressed by the xR dependence, may be different since the jet formation on the Pb fragmentation side would have to contend with many nucleus fragments, whereas the jet formation on the proton side would be similar to p-p scattering. This would be an expression of the well-established jet quenching observed in heavy ion collisions.
The comparison of inclusive jets in p-Pb scattering of the power of (1-xR) for the two fragmentation cases is shown in Fig. 12 . The corresponding pT dependences are shown in Fig. 13 . The fit parameters are listed in Tables IIa and IIb. Table IIa: The parameters of the fits of the form of Eq. 6 of the power law indices of the (1-xR) nxR of constant pT of Eq. 6 are tabulated. Notice that the pT dependence in the D-term for Pb forward data is four times larger and roughly three standard deviations than that of the p-forward case. collisions is also operative in p-p collisions but at higher energies. This interpretation implies an equivalency between the formation and quenching of jets at lower energies in A-A collisions with jet production at higher energies in p-p collisions.
D. Comparison with Inclusive Jet Simulations
It is not the object of this paper to appraise the qualities of the pQCD simulations of inclusive jet production, but it is of interest to check that the simulations show the same power law behaviors. Of the data examined in this work, from the CDF inclusive jets at algorithm with a cone size R = 0.7 and proton and antiproton PDFs from [14] in conjunction with PYTHIA 6.2 [15] . The ATLAS collaboration used an anti-kT clustering algorithm and more evolved PDF set in Pythia 8.186 [16] .
As a demonstration of the agreement, the MC simulation SHERPA [17] has been compared with the 7 TeV ATLAS data, where the MC "data" were analyzed in the same way as the ATLAS 7 TeV inclusive jet data using the radial scaling formulation. The comparison of the ratios (MC/Data) of the respective fit parameters are given in the 
E. Direct Photon Production at the LHC
Since we find that the inclusive jet production at the LHC in p-p, p-Pb collisions and in ̅ p collisions at the FNAL collider have power law dependences in both pT and (1-xR), it is interesting to analyze prompt photon production at the LHC. In prompt photon production, the photon is believed to come directly from the primordial hard parton scattering and is dominated by the underlying scattering q g → q . Unlike jet production, prompt photon production has no final state interaction. Hence, the ET dependence as well as the (1-xR)
dependence are important measures of the production mechanism without the influence of the final state processes.
For this study, we consider the prompt photon data measured by CMS at 7 TeV [18] and that of ATLAS at 8 [19] and 13 TeV [20] . The photon data are analyzed in the same manner as the inclusive jet data -namely we compute the invariant cross sections As in the analysis of the inclusive jet data, we fit the power indices nxR of Fig. 14 with the function of Eq. 6, where ET replaced pT and the function A(ET,s) in Fig. 15 with Eq. 7. The results are given in Table IV . Referring to Table IVa , it is interesting to note that the parameter D for prompt photons is negative and grows more negative with increasing √s. This is in contrast with the behavior for inclusive jets at the LHC where D is positive and increases with increasing √s. In Table IVb , we see that the overall direct photon cross section grows with increasing √s in the same manner as the inclusive jet production cross sections do. The parameter < nxR0> = 4.2 ± 0.4 and does not show a systematic energy dependence although the dispersion of the data is large. It is notable that the power law index nET is less than the corresponding value for inclusive jets. Averaging over the three measurements in Table IVb (7 to 13 TeV) we find <nET> = 5.6 ± 0.2, whereas the average of the corresponding parameter for inclusive jets in the energy range 7 to 13 TeV is <npT> = 6.4 ± 0.2. This suggests that the prompt photon leaves the 'scene' of the primordial collision unencumbered; whereas produced hadrons, singly or in jets, must tear themselves free of the QCD color fields. If we assume that ET dependence of A(ET, s) for prompt photons is a measure of the primordial hard parton scattering, then the fragmentation and hadronization operative in the production of jets and single hadrons in p-p collisions contribute to the jet and hadron pT dependence by roughly one more term ~ 1/pT.
III. SINGLE PARTICLE INCLUSIVE DATA
A host of other inclusive production data were analyzed in the same way -albeit with a more simple error analysis. In the following cases, the statistical and systematic errors of the data points were neglected. However, the errors of the fit parameters reflected the consistency of the data points to the fitted function by a least squares method (all data points assumed to have the same errors) [21] . Since the data extend to lower transverse momenta, we would expect the parton intrinsic transverse momentum (kT) to be an influence. Moreover, for the case of charm production at the LHC we might expect a similar term that could arise from a production mechanism from the decay of a heavier particle. Hence, we fit the pT dependence with the form given in Eq. 8 below:
,
where the values of ,  and npT are determined by a minimum  2 fit. A typical result is shown in Fig. 16 for  + using data from Taylor, et al. [2] . The results of the pT power law fits are listed in Table V . We note that all the processes considered [22] have a pT power-law dependence A(pT,s) ~ 1/pT npT with an index npT ~ 6.4 ± 0.5. The inclusive production of light particles up to antiprotons have a  value consistent with the parton intrinsic kT ~ 0.6 GeV [23] , whereas the J/ and (2S)
production are consistent with a larger  value ( ≥ 3.6 GeV) which must provide an important clue to their production mechanism [24] . ,s) ) at the value of  at the minimum  2 . The power law indices average = 6.4 ± 0.5. The values of  for the single particle inclusive production are consistent with the intrinsic kT, whereas the values of  for direct and indirect J/ production are determined by secondary decay chains. The 7 TeV CMS prompt J/ data are consistent with =0, unlike the other measurements, but with a large error and for this reason  and () for this entry are left blank. Each table index is referenced [22] .
IV. LINE COUNTING, HIGHER TWISTS, DIQUARKS
Using the radial scaling formulation discussed above and examining Tables Ib, IIb The dimensions of the invariant cross section are dependent on the number of active fields that hard scatter to produce the detected jet or the particle in nucleon-nucleon scattering. By this argument the matrix element for the hard-scattering M ~ (1/pT) 2nA-4 , where nA is the number of active fields that scatter [25] . Since the invariant cross section has the form given by Eq. 9 we would expect the pT dependence of the invariant cross section by this argument to be given by Eq. 10. It is noteworthy that all the processes tabulated above seem to favor the pT dependence given in Eq. 11b over a wide range of energies, rather than the simpler expected pT dependence given by Eq. 11a. The pT power-law index ~ 6 is a surprise since one would expect an index of ~ 4 for parton-parton (2-2) hard elastic scattering to dominate.
A number of authors have observed [26] that the effective pT-power is larger than the expected dimensional limit of 2-2 scattering (~ 1/pT 4 ) but many find that the pT power seems to depend on the process. Some of these analyses explore the limit to scaling as a function of xT → 0, which we have shown does not respect the kinematic boundary.
An appraisal of one of these studies is given in Appendix A. On the contrary, we find that the effective pT power is 6.4 ± 0.5 for inclusive hadron jet/particle production in p-p collisions that is independent of process. This behavior is consistent with a strong diquark correlation in the nucleon. The invariant cross section dimensional limit npT ~ 4 is disfavored by 4.8  Evidence of diquark correlations in the proton have been discussed for some time [27] . Recently, data from JLab [28] supports the notion of diquarks affecting the proton elastic form factors. Lattice QCD calculation also indicate that there is a strong association of the u-d quarks in the proton that forms a singlet (diquark) state [29] .
V. A(pT,s) AS A QUADRATIC IN ln(pT)
We have noted in Tables I and II that the pT power-law fits for inclusive jets had rather unlikely  2 values. A close examination of the fit-data relation reveals a systematic deviation from a pure power law -namely, there is a small curvature making the pTdependence less steep at low pT than at high pT. The effect is illustrated in Fig. 18 where we plot the residuals of the power law fit of the 13 TeV ATLAS inclusive jet data as a function of ln(pT). In order to make the discrepancy clear, the baseline power law fit was We notice that the residuals of the single power-law fit plotted in Fig. 18 can be quite well fitted to a quadratic in ln(pT). This suggests that the pT-dependence of the invariant cross section for inclusive jets at 13 TeV is a function of the type:
An equivalent form of Eq. 12 makes evident the underlying pT power law with a moderating term controlled by the parameter and is given by:
, (13) where (s) = exp((s)). Fitting A(pT,s) of ATLAS 2.76, 5.02, 7 and 13 TeV inclusive jets and the inclusive jets of CDF and D0 1.96 TeV to Eq. 12, we find the parameter values given in Table VI . The residuals of the ATLAS 13 TeV inclusive jets of this quadratic ln(pT) fit are shown in Fig. 19 . 6.92 ± 0.02 0.77 29 Table VI : The parameters of the quadratic fit for inclusive jets in ln(pT) defined by Eq. 13 are tabulated for p-p scattering and ̅ -p of CDF and D0 statistically combined. The fit parameters were determined with pT values in TeV. The 7 TeV MC simulation (SHERPA [17] ) is also tabulated indicating a non-zero -term.
Adding the -term of Eq. 13 improves the  2 of the A(pT,s) fits quite significantly as noted in Table VI and seen in Fig. 19 . However, the data are not good enough to draw definitive conclusions about the systematics of the s-dependence. For p-p induced jets the -term is roughly independent of √s, whereas the npT power index seems to decrease with increasing √s although the dispersion of the parameter values is large. The ̅ p data seem an exception. More data at the LHC would improve the interpretation.
A quadratic fit in ln(pT) of the ln(A(pT,s)) is quite similar to the log-normal probability distribution. For a range of parameters, the log-normal distribution can imitate a true power law. In this view, we interpret the pT distribution of inclusive jet production as being a result of a multiplicative chain of random processes, such as would be experienced by the hard-scattered quark undergoing a chain of soft gluon emissions. The logarithm of the product of the probabilities of emission is the sum of the logs of each probability. Thus, we would expect the log of the product to be approximately normally distributed implying that the shape of A(pT,s) would be similar to the log-normal distribution:
In such an interpretation the parameter above would be:
and npT would be identified with:
.
These terms are evaluated from the numbers in Table VI where we find for 13 TeV ATLAS jets, for example, = 1.4 ± 0.03 and  = -11.5 ± 0.5. Note that the value of  when ln(pT)
=  corresponds to a very low value of pT ~ 11 MeV. A comparison of the pT dependence of inclusive jet production with single particle inclusive production may yield insights of physics of jet formation.
While we have interpreted the deviations from a pure pT-power law as 'real', an uncorrected nonlinearity in the jet energy calibration could also be contributing. The power law index is independent of an overall energy scale calibration which would only contribute an additive term in the linear fits to ln(pT) not affecting the value of npT. However, both the power law index, npT as well as a -term in Eq. 12 above would be affected by a calorimetry nonlinearity.
VI. SUMMARY
This paper is an attempt to characterize inclusive jet production from p-p, p-Pb and ̅ -p collisions at high energy in minimal common terms and to compare these reactions with single particle inclusive reactions -including charm production at the LHC. Analyzing the invariant cross sections for inclusive jets, single hadrons and prompt photons in p-p and p ̅-p collisions reveals a simple structure -namely that the invariant cross sections factorizes into a product of two power laws -one in pT and the other in (1-xR). All these inclusive invariant cross sections are of the form given in the equation below:
where the kinematic variables are s, pT and y and the parameters are , , npT, m (or mJ), D and nxR0 described in the text. The term 2 √(…)/√s in Eq. 17 is the radial scaling variable, xR, expressed as a function of √s, pT, the jet or particle mass m, and y. It is interesting to note that the s-dependence for fixed xR is confined to the parameters (s) and D(s), which grow with increasing √s. At high pT (pT >> m) Eq. 17 simplifies to:
The pT-power law of Eqs. 17, 18 is uncovered by using the xR variable to extrapolate the invariant cross sections at various constant pT values as a function of (1-xR) to the limit xR → 0 at fixed √s. This procedure determines the underlying A(pT,s) function. All the processes analyzed in this paper have a power law index confined to 5.3 < npT < 7.2. In Without a detailed analysis of systematic errors, which is beyond the scope of this work, it is not clear in some cases whether the relatively small differences in parameter values seen are evidence of real differences, such as the different of pT-powers of prompt photon production from inclusive jets, or uncorrected systematic effects. Better data and more sophisticated analyses, which for example would involve corrections for finite pT and xR bins, will help resolve these issues. In fact, an examination of the fit values by comparing the parameters for ATLAS and CMS inclusive jets of npT for inclusive jets in Table Ib, indicates that npT ) ~ 0.4 is within the systematic errors of this analysis.
One aspect of this analysis not explored in detail is the xR-dependences. Unlike the pT behavior, the xR side is process-as well as s-dependent. In quark-line counting schemes the exponent of (1-xR) is dependent on the number of spectator fields and is given by 2nspectator -1. Examining this feature of the inclusive charm cross section should offer important information about the production mechanism.
The inclusive jet and prompt photon invariant cross sections are well replicated by simulation (for example, see references in [19] ). In fact, pQCD and various MC programs, such as Phythia throughout its historical development, show power laws in pT as well as in the variable (1-xR). Hence, the simple behavior revealed in this analysis is already deeply embedded in the simulations and therefore 'understood'. Thus, little 'new' is revealed in our kinematics-based analysis. However, the simple factorized form of the invariant inclusive cross sections, as worked out by this analysis using the xR variable to control phase space, may be useful in uncovering non-trivial signatures independent of kinematic effects.
In the original formulation of radial scaling, it was posited that all the sdependence of the inclusive invariant cross sections was in the scaling variable, xR ≈ 2pTcosh()/√s, and that the pT and xR dependences of the invariant cross sections completely factorized. This turned out to be not generally true. Data taken at higher collision energies showed that there is an additional s-dependence in the (s) term, beyond the simple xR function, that arises from the QCD-evolution of the parton, fragmentation and hadronization functions. Moreover, we found in our analysis that the (1-xR) power index, nxR, has a pT -dependence that is controlled in our formulation by the 'D-term'. Thus, the simple factorization of the invariant inclusive cross sections into a pT -part and an xRpart is broken.
The xR variable, unlike xT or xF, has utility in that it quantifies the fraction of the energy of the jet or particle with respect to the kinematic limit in inclusive cross sections that is independent of angle in COM frame. Controlling this faction breaks the conflation of a purely kinematic effect from a deeper dynamical behavior that seems to have confused several authors. The approximate scaling variable, developed over 40 years ago in the analysis of inclusive particle production in p-p collisions, still finds utility in uncovering simple power laws in inclusive jets, photons and charm in both p-p and p-Pb collisions at the LHC. Now that the data from the LHC are reaching maturity in broad kinematic ranges,
it will be interesting to analyze their broad trends using our formulation.
F. E. Taylor, et al., "Analysis of radial scaling in single-particle inclusive reactions", Phys. Rev. D14, 1217-1242 (1 September 1976). Erratum Phys. Rev. D 15, 3499 (1977) .
Note that at large production angles (* ~ π/2) xF = p||/(√s/2) is not a relevant variable (xF ~ 0) and the cross sections are usually plotted as a function of xT = pT/(√s/2) leading to a somewhat arbitrary choice of relevant scaling variable -xF or xT. The radial scaling variable, on the other hand, smoothly goes between these two kinematic regimes since it is approximately xR = E*/E*Max ~ (xF The √s = 30.8 GeV data were analyzed by fitting a linear line to ln(Ed 3 /dp 3 ) vs. ln(pT). The data are sparse in that measurements were made at only two angles, 90 and 53 degrees, so xR lines at constant pT have only two points. This is below the minimum quality of data that were analyzed for inclusive jet/particle production in this paper. Referring to Eq. 3 and 8, we find  = 0.80 ± 0.89 GeV and npT = 8.1 ± 3.0, consistent with lower energy  0 data. 
APPENDIX: ANALYSIS OF ARLEO ET AL.
Arleo, et al. [25] have analyzed a number of inclusive measurements, such as inclusive single particle production in p-p scattering and inclusive jet production at the SPS and FNAL collider. They find the pT power depends on the process as given in Fig. A1 and is strikingly different from this analysis which finds all processes examined to be clustered around n exp ~ 6.5. Of particular note is the analysis of inclusive jets at CDF and D0
(triangles in the fig. below) where the exponent n exp ~ 4.5 is found. Table I for √s = 2.76 TeV and 13 TeV are used to evaluate Eq. A1 above. The various lines are for fixed COM angles starting at  = /2 down to 0.196 radians. All lines converge to n exp ~ 4.3 even though the underlying pT dependence is ~ 1/pT 6.3 . Fig. A3 : The effective pT exponent analyzed by the ratio of ATLAS inclusive jets measured at 13 TeV and 2.76 TeV is plotted as a function of xT from Eq. (A5), which includes all the s-dependent terms. We see that the intrinsic pT dependence is correctly calculated.
In order to compute the true pT power exponent, n, of the invariant cross section given in Eq. (A1), we must include not only the  dependence, or equivalently the xR dependence of the cross section, but also the -term s-dependence. Thus, Eq. (A1) becomes: (A4)
In the limit of small xT (xT = xR sin()) Eq. A4 implies:
The resultant n exp is shown in Fig. A3 , where it is clear that the n exp = 6 is regained with the necessary (s)-term of Eq. (A5) operative (see Fig. 11 ). Note:
Therefore the analysis of Arleo, et al. determines the effective pT power exponent of ATLAS inclusive jets to be npT ~ 4 (Fig. A2 ) because the overall s-dependence of the -term of the invariant inclusive cross section has been neglected ( Fig. 11 and Table Ib) . It is not unreasonable to conclude that the varying pT power exponents determined in Arleo, et al. analysis result from the neglect of the s-dependences of the corresponding -terms.
Our analysis, which determines the pT dependence at a fixed √s by extrapolating the (1-xR) function to xR = 0, finds npT ≈ 6.4 ± 0.5 for many inclusive measurements over a wide energy range (Tables I, II 
